Conservation science is a crisis-oriented discipline focused on delivering robust answers to reducing 32 human impacts on nature. To explore how the field might have changed during the past two decades, 33 we analyzed 3,245 applications for oral presentations submitted to the Student Conference on 34
2 1. Introduction 48 Conservation science focuses on understanding and reducing the negative impacts of human activities 49 on nature, and has, from its inception, been framed as a "mission-oriented discipline" (Soulé 1985) . It 50 has its origins in biology and, as a result, its initial emphasis was on describing and explaining the 51 distribution of biodiversity as well as the ecological and evolutionary processes shaping the diversity 52 of life under human pressure. However, over the last few decades it has become increasingly clear that 53 better understanding biological processes alone is insufficient in identifying robust solutions to reduce 54 pressures on nature and the environment (Balmford and Cowling 2006; Bennett et al. 2017; Kareiva 55 and Marvier 2012; Meine et al. 2006 ). This has led to the integration of the social sciences, economics, 56 and psychology to understand the role of people in addressing conservation problems ( However, analysis of trends in peer-reviewed articles can give an unrepresentative picture of the work 68 being done on the ground (Godet and Devictor 2018) . Understanding the extent to which the peer-69 reviewed literature is missing specific types of studies or research from certain parts of the world can 70 help to highlight publications gaps and improve the uptake of data and experiences outside the published 71 literature sphere. One possible pathway to address the evidence gap and entrenched biases is to analyze 72 conference submissions. While not without possible biases of their own, conference submissions may 73 be less vulnerable to some of the issues in the peer-reviewed literature (e.g. positive-results publication 74 bias, English language skills) and could therefore offer an additional view of what is happening on the 75 ground, thus helping to identify the disconnect between on-the-ground research and the published 76 literature with the aim to utilizing the full potential of the conservation research community. 77
In this study, we assessed the scope, data and methods of studies submitted for presentation at the 78 Student Conference on Conservation Science (SCCS) in Cambridge, UK using a database of >3000 79 applications compiled for this study. To our knowledge, SCCS is the oldest dedicated student 80 conservation conference. Over the 20 years it has been running, it has welcomed applications from 81 bachelor, masters and PhD students. It has never had a thematic focus but instead encourages 82 submissions from across the diverse disciplines of conservation science. It has consistently received 83 applicants from around the world, in part thanks to its provision of bursaries to those from lower income 84 countries. We classified these applications to explore patterns and trends over time in what conservation 85 students study, focusing on potential changes in framing, the types of studies conducted, the methods 86 used, and the integration of data and ideas from the social sciences. We were particularly interested in 87 understanding if the transition from conservation as a predominantly biological science to a more multi-88 disciplinary one had changed the framing around the value of nature to people or the integration of the 89 social sciences. 90 91 We included 3,487 submissions for oral presentations at SCCS covering 15 individual years spanning 92 2002-2019. This represented the years for which we had all conference submissions, regardless of 93 whether the applicant had subsequently been invited to present at the conference. Ethics approval was 94 obtained through the Human Biology Research Ethics Committee, School of Biological Sciences, 95
Material and methods
University of Cambridge (ref no.: PRE.2018.068). All submissions were anonymized, and e-mails were 96 sent to all applicants asking them to reply if they did not want to be included in the study. This led to 97 the removal of seven submissions. 98
The data extraction protocol and guidelines were developed prior to reviewing the submissions (Table  99 S1). The protocol was pilot tested on a subset of submissions (n = 20) by a sub-group of reviewers and 100 subsequently revised based on these experiences. Two workshops were conducted prior to the data 101 extraction to explain and discuss the final protocol. In total, 25 reviewers participated in the data 102 extraction. The conference-submissions were assigned randomly among all 25 reviewers, with each 103 reviewer extracting data from approximately 140 abstracts. The year of submission was removed to 104 avoid biasing the data extraction. 105
Data extraction 106
For each submission (title and abstract), the reviewers extracted information on the applicant 107 (nationality, country of residence, career stage) as well as on 25 elements pertaining to the research 108 carried out by the student. The abstracts for 2002, 2003, and 2006 consisted of a title and an abstract 109 with no formatting requirements. For subsequent years the abstract was divided into four parts: 1) What 110 conservation problem or question does your talk address?, 2) What were the main research methods 111 you used?, 3) What are your most important results?, and 4) What is the relevance of your results to 112 conservation?. The 25 elements covered research locations (e.g. country, region); study type (i.e. field, 113 laboratory, modelling, remote sensing); and scale of study (e.g. local, national, multi-country) (see 114 Table S1 for the full list and definitions). Where possible, answers were assigned to predefined 115 categories (e.g. realm of study: terrestrial, marine, freshwater, coastal, or multiple). In addition, 116 reviewers used 'not sure' where the abstract did not allow a clear interpretation or 'not applicable' 117 where the particular questions were not relevant. 118
Where one or multiple species were studied, we recorded the broad taxon using 16 categories: algae, 119 lichens, plants, fungi, arthropods, marine invertebrates, other invertebrates, fish, amphibians, reptiles, 120 birds, mammals, other, multiple, not applicable, and not sure. 121
For each conference submission each reviewer assessed whether the study primarily addressed 122 'Pressure', 'State', or 'Response' following the PSR-framework of the Organisation for Economic Co-123 operation and Development (1993) . For example, a study could examine the effect of protected areas 124 (response) in reducing hunting (pressure) on numbers of lions (state). This was done based on an 125 interpretation of the entire abstract. Where more than one category could apply, we used a hierarchical 126 approach to assign a single category to each submission, where 'response' superseded 'pressure' which 127 superseded 'state' -so the example above would be classed as a response study. The hierarchical 128 approach was used to reflect the conceptual thinking behind the PSR-framework, that conservation is 129 the human response to human pressures affecting the natural state of the world. 130
We extracted information on how far human dimensions were included in the studies through two 131 questions. The first addressed whether the submission mentioned conservation benefiting people and/or 132 the importance of involving people in conservation decisions. It was not necessary for the study to be 133 primarily framed around the value of nature to people, only that the role of, or relevance to, people was 134 articulated. The second addressed whether the primary focus of the study was the value nature provides 135 to people. 136
We assessed whether submissions recorded biological data (e.g. species, habitats, genetics or any other 137 data derived from a biological system) and/or socio-economic data (e.g. livelihood issues, 138 economy/finances, attitudes, human behavior, or human behavior change). Additionally, we recorded 139 if any data was collected by the students themselves as well as if there was any not collected by the 140 student. 141
Finally, we recorded the methods for both biological (e.g. transects, camera-traps, remote sensing, 142 interviews) and socio-economic data collection (e.g. interviews, questionnaires). For biological 143 methods the original 20 categories (Table S1 ) were reduced to six: 1) field data, 2) genetic data, 3) 144 internet/literature search, 4) audio and camera recordings, 5) remote sensing, and 6) other. 145
Following data extraction, 359 (11.1%) submissions were selected for kappa analysis to test the inter-146 reviewer variability in data extraction. This was done by randomly selecting 10% of the conference-147 submissions of each reviewer to be re-reviewed by a different randomly selected reviewer. For the years 148 2002 and 2003 we assessed 20% of each year following the same procedure. Kappa analysis was 149 conducted on all questions individually and on overall agreement. Based on this, questions with a 150
Cohen's kappa score below 0.6 (weak agreement) were not included in the analysis (McHugh 2012). 151
The average Cohen's kappa for all included questions was 0.78 (S.E. = 0.07, min = 0.64, max = 0.87, 152 Table S2 ). Only the identification of main threat (Cohen's kappa = 0.21) did not meet this criterion. 153
The years 2002 and 2003 were assessed separately leading to the exclusion of the Pressure-State-154
Response questions for those years (Cohen's kappa = 0.40). 155
Analysis 156
Prior to calculations of proportions, all empty fields, 'not applicable', and 'not sure' were removed. 157
Thus, the number of responses for each year varies across analyses. For questions where we assessed 158 proportional changes over time, we used beta-regression, suitable for proportions, to model the 159 proportion as the dependent variable and year as a continuous independent variable. All analyses were 160 carried out in R 3.5.1 (R Development Core Team 2019). 161
Results

162
Geographical and taxonomic focus 163
We assessed 3,245 submissions after removing 235 that had been submitted but did not contain an 164 abstract and/or title. Over the 18-year period, the conference received applications from 128 countries; 165 the majority of applicants were from India (n = 454), United Kingdom (n = 312), Kenya (n = 125), 166
Nigeria (n = 121), or Nepal (n = 100). By region, Asia was the largest source of applicants (n = 992), 167 followed by Africa (n = 961), Europe (n = 598) and Latin America (n = 213) ( Table 1) . 168 
174
Noticeably there were very few submissions from North America (n = 86) and Oceania (n = 41). No 175 changes were observed over time in the proportion of applicants from different regions ( Fig. S1 ) and 176 only few, and minor, at the country level (Fig. S2) . In terms of country where the study took place, India 177 featured the most (n = 435), followed by South Africa (n = 114), Kenya (n = 110), Nepal (n = 101), and 178 Madagascar (n = 97). Many applicants from Europe and North America worked outside their own 179 region, which was much less the case with students from other regions (Fig. 1) . The vast majority of 180 studies were terrestrial (n = 2,393) followed by freshwater (n = 225), marine (n = 177), multiple (n = 181 119) and coastal (n = 102). Across taxonomic groups, mammals were the most studied (n = 875), 182 followed by plants (n = 470), birds (n = 432), fish (n = 121) and arthropods (n = 89), while potentially-183 important indicator groups, such as amphibians (n = 58), fungi (n = 10), and lichens (n = 2), were far 184 less represented (Fig. 2) . 185 Reviewers were explicitly asked to select the main species or higher taxonomic unit of interest. Where other species were described but were not the focus of the study, they have not been recorded.
Data and methods 201
Most submissions (80%, n = 2,442) contained biological data, while data on socio-economic aspects 202 were less common (33%, n = 998). Only 15% (n = 454) contained both biological and socio-economic 203 data. For biological data and the combination of biological and socio-economic data, the proportions 204 showed no change over time. However, the proportion of submissions including socio-economic data 205 increased over time (estimate = 0.03, S.E = 0.01, p = 0.004, DF = 13; Fig. 3c ). Most of the data, both biological (66%, n = 2,001) and socio-economic 75% (n = 852), were collected 215 by the students themselves. Eighty percent (n = 2,457) of the submissions contained a field-collection 216 element (Table 1) with 74% (n = 2,090) of the submissions covering local-scale studies that looked at 217 one or a few sites, and only 17% (n = 475) of studies investigating patterns at national level, 7% (n = 218 186) looking at multiple countries, and 2% (n = 66) conducting global analyses. 219
The methods used to collect biological data remained relatively constant over time and were dominated 220 by field-based approaches, such as transects, plots and trapping (58.4%, n = 1,691). A decrease (from 221 65.5% in 2002 to 54.8% in 2019) was observed in the use of traditional field-based methods (estimate 222 = -0.026, S.E = 0.006, p < 0.001, DF = 13), and there was an increase (from 0% in 2002 to 15.2% in 223 2019) in the use of audio and camera recordings (estimate = 0.21, S.E = 0.041, p < 0.001, DF = 13), 224 suggesting a change in approach toward more automated methods, rather than a change away from 225 field-based data-collection ( Fig. 3d) . 226
Discussion
227
Our results show that the majority of submissions to SCCS were based on primary data collection of 228 biological data from local-scale field studies. These findings suggest a different trend to the concerns 229 raised in previous papers: that there is a decrease in the proportion of field-based studies in the peer- were from Asian and African nationals. These two continents were even more prominent when looking 234 at the countries in which people collected data (Fig 1) . For example, citizens from the UK represented 235 the second largest group of applicants, but the UK ranked 15th as a location for fieldwork. The 236 discrepancy, in terms of type and location of studies, between the published literature and submissions 237 to SCCS, highlights a potential barrier in the pathway from fieldwork to publication that warrants 238 further exploration. Furthermore, it suggests that the identified knowledge and data gaps for the tropics, only be driven by the lack of research effort and data-collection but also by publication bias. This is of 241 particular concern given many areas in the tropics are of significant biodiversity importance (Brooks et 242 al. 2006; Myers et al. 2000) . 243
There is a need to improve the uptake of studies from the tropics in the peer-reviewed literature to 244 ensure the availability of knowledge and data in conservation research and efforts. This will not only 245 directly benefit the conservation community but will also help ensure a greater diversity in the people 246 and views represented within conservation science. To achieve such improvements, it will be important 247 to support the data-collection-publication pipeline in areas currently underrepresented in the published 248 literature. This may include reduced or waived publication fees (already applied by some journals), as 249 well as language support for non-native English speakers, which is a major barrier in the publication 250 process (Amano et al. 2016 ). There might also a need for capacity building (Legg and Nagy 2006) The applications we assessed support suggestions that conservation science is broadening (Teel et al. 279 2018) by revealing an increase over time in the use socio-economic data. However, the proportion 280 remained relatively low across the 18 years. Additionally, the number of studies integrating both 281 biological and socio-economic data did not increase, with only around 16% of studies combining 282 biological and socio-economic data in the same study. This suggests that while conservation has become 283 increasingly multi-disciplinary, there is still considerable scope for further integration (also see 284 Guerrero et al. 2018 ). The call for integrating socio-economic perspectives into conservation research 285 is not new (e.g. Adams and McShane 1992), and it is increasingly recognized that both biological and 286 socio-economic perspectives are vital to conservation success (Martin et al. 2016 ). The continued 287 paucity of socio-economic considerations in conservation science we observed highlights the need to 288 broaden the training of future conservation researchers. This requires university departments and 289 faculties to foster integration and to break down silos between disciplines and departments. 290
The majority of studies focused on describing biological states or human pressures while only 26% 291 evaluated conservation interventions and solutions. Our results therefore mirror several papers that 292 highlight the lack of studies assessing the impact of conservation responses (Geldmann et By following 18 years of submissions from the oldest student conservation conference, our study 305 provides a unique temporal insight into the work undertaken by successive cohorts and early-career 306 conservation scientists. In including all submissions to give a talk, our sample is not biased by the 307 quality of submissions or by temporal shifts in the preferences of the selection committees but represents 308 the full diversity of students applying for SCCS. Nevertheless, our sample might not represent the wider 309 community as self-selection might exclude some from submitting. As with published studies (Amano 310 et al. 2016 ; Amano and Sutherland 2013), countries (often former British colonies) where it is more 311 common to communicate in English were disproportionately represented and so the conference 312 doubtless does not fully capture a representative sample of all conservation studies. Moreover, the low 313 proportion of marine studies indicates that SCCS has tended to attract a lower proportion of those 314 working on marine conservation, perhaps due to the organizers having mostly terrestrial experience and 315 networks. Likewise, the dominance of field studies from the tropics in the conference submissions might 316 not reflect a dominance of field studies in general. Rather, it is possible that fieldwork in temperate 317 zones is framed more as ecological research without a conservation focus. Nevertheless, our study 318 suggests that there is an untapped resource in field studies and perhaps more tropical research being 319 undertaken by students from tropical countries than is suggested by the published literature. 320
Conclusion
321
Based on our findings we see an urgent need to make data generated by tropical fieldworkers more 322 widely available, and for increased efforts in examining the impact of conservation interventions. Any 323 approach should ensure the quality of the data as well as equitable access that respects, acknowledges, 324 and includes the data providers. Our results also highlight the need for further integration of disciplines 325 outside biology. Only through combining understanding of both the natural world and human behaviour 326 can we successfully tackle the great challenges facing Earth's biodiversity, without jeopardizing the 327 sustainable livelihood of our own species. 328
